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Equine group A rotaviruses isolated over a 10-year period in New York State, New Jersey, Kentucky, and
Texas were compared serotypically and electropherotypically. All isolates were determined to be serotype 3 by
reaction with hyperimmune antiserum to the serotype 3 H-2 strain of equine rotavirus. All displayed RNA
electrophoretic migration patterns related to that of the H-2 strain but distinct from that of serotype 5 strain
H-1. A serologic survey of 184 mares in Kentucky, which was done to determine the incidence of H-1 and H-2
infections, showed geometric mean serum neutralizing titers to the H-2 strain of equine rotavirus to be
significantly higher than those to the H-1 strain. These data suggest that the serotype 3 H-2 strain is the
dominant equine rotavirus in Kentucky and perhaps elsewhere in the United States. We were unable to produce
confirmational evidence that the H-1 strain occurs as a natural infection in the United States.

The first report describing an equine rotavirus was by
Flewett et al. (8) in Great Britain in 1975. This isolate was

subsequently adapted to growth in tissue culture in the
United States and was designated H-1 (14). A second isolate,
H-2, was studied in Great Britain (21) and was cultured and
identified in the United States as a distinct serotype (15). The
equine rotavirus isolates H-1 and H-2 were shown to be
serotypically distinct from each other and from some other
mammalian rotaviruses. Subsequently, H-1 was assigned to
the rotavirus serotype 5 group (shared with the OSU strain
of porcine rotavirus) and H-2 was assigned to the rotavirus
serotype 3 group (shared with human type 3, simian, and
canine rotaviruses) (13). This serotyping is based on the
antigenic properties of VP7 (usually encoded in gene 9),
which is one of two outer capsid proteins which stimulates
production of neutralizing antibodies. For most rotaviruses,
including the equine strains, little is known about the com-
parative antigenic properties of the other outer capsid pro-
tein, VP4 (encoded in gene 4), which has also been shown to
stimulate the production of neutralizing antibodies (11, 17).

Rotaviruses have been isolated during severe epidemics of
foal diarrhea in Australia (20), the United States (3, 16), and
New Zealand (4). In a recent study of enteric diseases in
thoroughbred and standardbred foals in central Kentucky
(5), foals on three of five farms monitored had outbreaks of
diarrhea, with 43 of 201 (21.4%) fecal samples being positive
for rotavirus. In 1988, outbreaks of foal diarrhea on 12 farms
were investigated (6). Of 196 sick foals tested, 104 (53%)
were positive for rotavirus. The ages of the foals affected
ranged from 2 to more than 120 days, with younger foals
consistently being more severely affected and with some
requiring intensive care. During the 2-year survey, only a

single foal (age, 2 days) died from rotavirus enteritis.
Rotavirus-containing foal fecal samples from these sur-
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veys, other thoroughbred and standardbred foals in New
York State and New Jersey (1980, 1989), and a quarter horse
foal in Texas (1988) were studied to determine the electro-
pherotype and serotype of each rotavirus for comparison
with those of the H-1 and H-2 strains. A serologic survey
was also made by using serum samples obtained from the
mares in the Kentucky study to determine the incidence of
antibody response to and relative importance of serotype 3
and serotype 5 rotaviruses in this population.

MATERIALS AND METHODS

Viruses. The equine rotavirus strains H-1 and H-2, to-
gether with typing hyperimmune guinea pig antisera, were

kindly supplied by T. Hoshino, National Institutes of
Health, Bethesda, Md. The FI-13 and FI-14 strains were

originally isolated from standardbred foals with diarrhea in
New York State and New Jersey, respectively, in 1980 (10).
All of the following isolates were obtained from foals with
diarrhea. Of the Kentucky isolates, E56, E77, and E149 were
isolated from standardbred foals; and isolates E26, E30,
E48, E50, E143, and E149 were isolated from thoroughbred
foals. Isolate E7 was originally isolated from a quarter horse
foal in Texas in 1988, and isolate E161 was originally isolated
from a thoroughbred foal in New York State in 1989. Isolate
KY-1 was originally isolated from a standardbred foal in
Kentucky in 1978. The characterization of the serotype 3
canine rotavirus isolate (K9) that was used as a control has
been described previously (9, 24). Fecal samples from foals
in Kentucky were identified as rotavirus positive by latex
agglutination (Virogen Rotatest; Wampole Laboratories,
Cranbury, N.J.), and fecal samples from foals in New York
State and Texas were identified as rotavirus positive by an

enzyme-linked immunosorbent assay (23).
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The method for virus isolation has been described previ-
ously (22). Briefly, 25% fecal samples in phosphate-buffered
saline were centrifuged at 8,000 x g, diluted to a final
concentration of 2.5% in serum-free Eagle minimum essen-
tial medium containing 10 ,ug of trypsin per ml, and incu-
bated at 37°C for 24 h in cover slip-containing tubes in a
roller apparatus. The cover slips were removed at 24 h, and
rotavirus infection was demonstrated by immunofluores-
cence (24). The viruses were passaged at the onset of a
cytopathic effect after 24 to 72 h. All isolates were serotyped
at low passage (usually 3 to 5) without cloning.

Extraction and electropherotyping of genomic RNA. RNA
was extracted from tissue culture-adapted isolates by previ-
ously described methods (9). Briefly, viruses were purified
by ultrapelleting through a 40% sucrose cushion at 100,000 x
g and were then resuspended in sodium acetate with 1%
sodium dodecyl sulfate. RNA was extracted first with phe-
nol, then with 1:1 phenol-chloroform, and finally with chlo-
roform and was precipitated with 4 volumes of ethanol at
-20°C overnight. RNA extraction from fecal specimens was
done as described above, with the following additional steps
performed as described by Theil et al. (19). Fecal samples
were made to 25% with phosphate-buffered saline and cen-
trifuged at 8,000 x g, and the supernatant was extracted
twice with trichlorotrifluoroethane prior to ultrapelleting.

Precipitated RNA was pelleted at -10°C and 2000 x g,
vacuum dried, and resuspended in Laemmli sample buffer.
The samples were electrophoresed in 7.5% sodium dodecyl
sulfate-polyacrylamide gels at a constant current, and seg-
ments were visualized by staining with silver nitrate.

Serotyping (neutralization test). The serotyping method
that we used has been described previously (24). The titer of
an antiserum with a particular virus was determined as the
reciprocal of the dilution that neutralized 50% or more of the
immunofluorescent focus-forming units.
Monoclonal antibody 159, which is specific for VP7 of

serotype 3 rotaviruses (18), was kindly supplied by H. Green-
berg, Gastroenterology, Veterans Administration Hospital,
Palo Alto, Calif.
For the production of hyperimmune antisera, both the H-1

and H-2 strains were cultured and pelleted through 40%
sucrose at 100,000 x g. For vaccine production, 1 ml of
concentrated virus with an infectivity titer of approximately
109 was emulsified with 1 ml of either Freund complete or
Freund incomplete adjuvant. Guinea pigs were inoculated
intramuscularly with 0.2 ml of the Freund complete vaccine,
followed 3 weeks later by inoculation with 0.2 ml of virus
emulsified in incomplete adjuvant, and blood samples were
obtained after 3 weeks.

Serologic survey. For a serologic survey of the incidence of
serotype 3 and 5 rotavirus infections in the Kentucky study,
blood samples were obtained from the mares when the foals
were sampled for diarrhea. These sera were tested for their
titers to both H-1 and H-2 strains by the neutralization test.
Analysis of variance was used to test for differences between
the geometric mean serum antibody titers to H-1 and H-2.

RESULTS

Serotyping. The homologous neutralizing titers of both
H-1 and H-2 antisera were 64,000. Rotavirus isolates E7,
E161, FI-13, FI-14, and KY-1 and eight tissue culture-
adapted isolates from the Kentucky study were serotyped
and compared with H-1 and H-2. The H-1 and H-2 antiserum
titers to these viruses are given in Table 1. The neutralizing

TABLE 1. Neutralization titers of serotype 3 and 5 typing
hyperimmune antisera to tissue culture-adapted

equine rotavirus isolates

Virus Titer with typing antiserum:
(serotype) H-2 H-1

H-2 (3) 64,000 <1,000
H-1 (5) 1,000 64,000
K9 (3)a 128,000 4,000
E7 32,000 <1,000
E26 64,000 <1,000
E30 32,000 <1,000
E48 64,000 <1,000
E50 16,000 <1,000
E56 32,000 <1,000
E77 32,000 <1,000
E143 32,000 <1,000
E149 32,000 <1,000
E161 32,000 <1,000
FI-13 64,000 <1,000
FI-14 64,000 <1,000
KY-1 64,000 <1,000
a Serotype 3 canine rotavirus control.

titers of H-1 antiserum to all of the viruses were less than
1,000. Because there was at least a 20-fold difference be-
tween the H-1 and the H-2 titers, the viruses were defined as
serotype 3.

Isolate FI-13 has been reported to be serotypically dif-
ferent from H-2 rotavirus (12), based on unpublished data (2)
that antiserum to H-2 neutralized FI-13 but that antiserum to
FI-13 failed to neutralize H-2. For further characterization of
FI-13 in this study, the neutralization titers of monoclonal
antibody 159 were compared for FI-13, FI-14, and H-2.
These titers were 320, 2,560, and 5,120, respectively.

Electropherotyping. Of 86 fecal samples analyzed, 32 were
positive for rotavirus RNA, including those isolates subse-
quently adapted to tissue culture. None of the isolates
demonstrated an RNA electrophoretic migration pattern
characteristic of H-1. All isolates showed minor variations in
some of the segments but had overall electropherotype
patterns that were similar to that of H-2. Tissue culture-
adapted rotaviruses representative of the various patterns
are shown in Fig. 1. The majority of the individual segment
variations occurred in the migration patterns of segments 7,
8, and 9 and in the relative migration of segments 10 and 11
as a pair. The variations in the migrations of segments 7 to 9
were limited, in that three distinct patterns were consistently
observed. Segments 7 and 8 ran close, segments 8 and 9 ran
close, or segments 7, 8, and 9 were equidistant, with most
isolates demonstrating a pattern in the 7-to-9 region similar
to those of the FI-13 and FI-14 isolates. These patterns were
distinct from that of H-1, in which segments 8 and 9
comigrated and could not be distinguished from each other.
Segments 10 and 11 exhibited variations in migration as
pairs, either running longer or shorter as a whole than
segments 10 and 11 of H-2 did. The patterns of these two
segments were distinct from that of H-1, in that segments 10
and 11 of this strain ran closer together than segments 10 and
11 of H-2 or any of the isolates analyzed did.

Variations in gene migration between isolates were less
obvious in segments 1 to 6, which remained relatively
constant between isolates run on the same gel. Some shifts
were observed in segments 1 to 4, which ran slightly shorter
or longer as a group, but they displayed a pattern distinctive

J. CLIN. MICROBIOL.



SEROTYPES AND ELECTROPHEROTYPES OF EQUINE ROTAVIRUSES

COU)U) l_r

I I= S 11 iI I L IL

c1Dr -f L - - co

- --- _ - - _-
; _ __

9~~~~~~l

10 _ _ _

11

FIG. 1. Comparison of genomic RNA electrophoretic migration
patterns of equine rotavirus tissue culture-adapted isolates by so-

dium dodecyl sulfate-polyacrylamide gel electrophoresis. Numbers
on the left are gene segments.

from those of segments 1 to 4 of H-1. Segments 5 and 6
remained essentially invariant. Whether the near consis-
tency within segments 1 to 6 was present between every
isolate could not be determined, because all the samples
could not be run on the same gel and were not coelectro-
phoresed. The electropherotype pattern of strain KY-1 iso-
lated in 1978 (data not shown) was similar to that of H-2,
with the same minor variations observed as were observed
with the other isolates.

Tissue culture-adapted rotaviruses and the fecal speci-
mens from which they were isolated showed very similar, if
not identical, electropherotype patterns as pairs, examples
of which are shown in Fig. 2. There was no evidence of
mixed infections with rotaviruses with different electro-
pherotypes in the fecal specimens, because none of the
samples exhibited more than 11 segments.

Serologic survey. The results of the serologic survey of
mares for antibodies to H-1 and H-2 rotaviruses are summa-
rized in Table 2. Only one sample had a titer to H-1 (titer,
100) greater than that to H-2 (titer, 50). The ratios of H-2
titers to H-1 titers are presented in Table 3. A total of 77.17%
of the serum samples demonstrated ratios greater than 2,
representing at least a fourfold difference in titers to the two
viruses. There was a significant difference (P < 0.0001)
between the geometric mean titers to H-1 (1.95) and H-2
(2.70).

DISCUSSION

The virus isolation, serology, and electropherotyping data
presented here suggest that the predominant, or only, rota-
virus strain present in the equine population in the United
States is serotype 3 strain H-2. All of the viruses isolated
from fecal specimens and subsequently adapted to tissue
culture were determined to be serotype 3 by reaction with
hyperimmune antiserum specific for H-2.
The RNA electrophoretic migration patterns of the tissue

culture-adapted rotaviruses as well as rotavirus RNA ex-
tracted directly from fecal specimens all were similar to the
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FIG. 2. Comparison of viral RNA electropherotypes of tissue
culture-adapted rotaviruses and the respective fecal specimens from
which they were isolated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis. TC, Tissue culture isolate; F, fecal isolate.
Numbers on the left are gene segments.

electropherotype pattern of H-2. The tissue culture-adapted
viruses and the RNA of the fecal specimens from which they
were isolated showed electropherotype patterns that were
very close, if not identical, as pairs, indicating that the
predominant strain in the feces was represented in the
properties of the tissue culture isolate. None of the patterns
were similar to the distinct migration pattern of H-1, sug-
gesting the presence of one predominant strain that is
electropherotypically close to H-2.
The limited variation present in the migration patterns of

gene segments 1 to 4, 5 and 6, 7 to 9, and 10 and 11 as groups
suggests limited strain variation, at least electropherotypi-
cally, among the equine rotaviruses isolated in the United
States in the 10-year period under study. Whether the

TABLE 2. Comparison of H-1 and H-2 neutralization titers for
184 serum samples taken from mares with foals with diarrhea

No. of sera with the following titer of antibody to H-1:
H-2 titer

50 100 200 400 800 Total

50 11 1 0 0 0 12
100 12 1 0 0 0 13
200 20 5 1 0 0 26
400 19 16 7 1 0 43
800 25 16 7 2 0 50

1,600 4 11 4 7 1 27
3,200 1 3 3 2 1 10
6,400 0 0 0 2 1 3

Total 92 53 22 14 3 184
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TABLE 3. Ratios of H-2 to H-1 neutralization titers for 184
serum samples taken from mares with foals with diarrhea

Ratio No. of serum % with a
specimens greater ratio

0.5 1 99.46
1.0 14 91.85
2.0 27 77.17
4.0 51 49.45
8.0 42 26.62

16.0 41 4.34
32.0 7 0.54
64.0 1 0.00

variations in electropherotype patterns between the isolates
indicate individual antigenic differences, especially in neu-
tralizing antigens VP4 and VP7, remains to be determined,
because it has been shown previously (1) that differences in
electropherotypes do not necessarily correlate with anti-
genic variation and serologic relationships. Electropherotyp-
ing, therefore, should only be used epidemiologically to
determine the predominant strain(s) present in a population
(7).

In the serologic survey of the mares from Kentucky, there
was a significant difference between the geometric mean
serum titers to H-1 and H-2 rotaviruses (P < 0.0001), and for
77.17% of the samples, the difference in the ratio of H-2 to
H-1 titers was greater than 2, indicating at least a fourfold
difference in titer. It is possible that the neutralizing antibod-
ies to H-1 rotavirus in mares originated as a cross-reactive
response to H-2. These serologic results support the data
from virus isolation attempts that H-2 is the more common
infecting virus and, possibly, that infection with H-1 virus
does not occur in the United States. However, H-2 may be
more readily adapted to tissue culture replication than H-1
is, and further studies are required to provide an answer to
this question.
From previous data (unpublished data), hyperimmune

antisera to FI-13 did not neutralize H-2. This appears to
represent a one-way cross-reaction, because the data pre-
sented here show that hyperimmune antiserum to H-2 neu-
tralizes FI-13. Further evidence was obtained in this study
that FI-13 is an antigenic variant from H-2, because VP7-
specific serotype 3 monoclonal antibody 159 had a 16-fold
lower titer to FI-13. One-way relationships such as those
observed between H-2 and FI-13 may exist between the
viruses isolated in the present study, but this was not
determined, because none of the viruses were tested with
antiserum made to each of the other isolates. A similar
one-way relationship exists between two serotype 6 bovine
rotaviruses (strains NCDV and B641). It has been suggested
that these two viruses do not share the same or closely
related gene 4 (22, 24). It is possible that FI-13 shares VP4,
but not VP7, with H-2. The equine rotaviruses isolated to
date have not been compared for their VP4 properties.
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